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l. INTRODUCTION 

Kai-koso, Anadara cornea (Reeve), is an iinportant_ J,tem of
,_..,,�. •,,-,,••"·''"""-•-"'""' 

food in Fiji, being taken by .. subsistence fishermen and also sold in the 

markets. In this report the species is referred to as Anadara cornea 

(Reeve). Specimens taken during this study have been lodged in the

National Museum of Victor1a and identified by Dr s. Boyd as �. cornea.

Other species may also occur in Fiji. They are commonly ref erred to as 

"mangrove cockles", and as "blood cockles" or "blood clams" because they 

contain haemoglobin. ·They are not true "cockles" (family Cardiidae) but 

are "ark-shells" (family Arcidae). They should not be confused with the 

Kai, or "freshwater cockle", a species of Batissa .(family corbiculidae). 

Little appears to have been published on the ecology of Arcidae 

generally, and nothing has been recorded about the ecology of Kai-koso 

in Fiji.

In preparation for the present study a literature search was 

made. No attempt is made here to review that literature fully, but at 

the end of the report are listed those references which broadly concern 

the ecology of Anadara or aspects of cultivation or public health. 

The present study began with collections made by students of 

I.M.R. under the supervision of M.G. King in January 1980. These

collections, which were the subject; of a manuscript report by B. Chand 

(1980), were preserved and kept, along with nine samples collected by 

A.E. King at one location between February 1980 and December 1?80. The 

author visited u.s.P. in December 1980 - January 1981, examined and

measured those samples and made some further collections. Mrs King then 

continued collections approximately monthly at one site, examined and 

measured the specimens and sent the data to the author in Adelaide. The 

study was a preliminary examination of the population structure of 

The 
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a. cornea near Suva; it did not involve any marking or experimental

work, but it suggests directions for future studies. 

2. METHODS 
\ 

2.1 Sites

Samples of Anadara cornea were taken from a number of sites round

the shores of Suva Harbour and Lancala Harbour in January 1980 by B. 

Chand (1980) under the supervision of M.G. King. These are identified 

below as Lami, Nesese, Lancala Bay and Kinoya, and their locations shown 

on Fig. 1. Chand's "Lancala Bay" area is the region around the 

breakwater at I.M. R • •  U. S.P. Within this area lies the site of a 

sample, here identified as "IMR", taken by a student class under the 

supervision of M.G. King in July 1981. And just at the northern limit 

of Chand's "Lancala Bay• area lies the site from which a series of 

samples was collected by A.E. King between February 1980 and April 1982. 

This long-term site bore the local name "Suva Point", but the 

charts show "Suva Point• at the southern tip of the peninsula on which 

Suva stands. To avoid confusion the site is here named the "Muanivatu" 

site. It is located as follows. St.art at the "Suva Point• children's 

playground, just north of the I.M.R. breakwater; go north along the 

bea.ch to the last house (beyond the house was open ground, and then a 

large, new building). A path runs along the northern side of that last 

house; project the path seaward; sampling is done on that imaginary 

line. The bottom there was sandy, with patches of Zostera 

(turtlegrass); crabs, hermit crabs, moon shells (Naticidae) and spiny 

Murex were common. Samples were also taken on 22/1/81 at Laucala Island 

in the Rewa delta at 3 sites: (1) just seaward from the village on the 

Study 



3. 

SW side of the island, (2) upriver (N) from the village, round the next 

point, (3) a bay in the south side of the island, facing Nukulau 

Island. Sites (1) and (2) are influenced by flooding of the Rewa, but

I.M.R.'s boatman, Mr Euka Ni�okibau who took m� there, said that site

(3) never becomes fresh, even during floods.

2.2 

Chand (1980) collected generally by using randomly-placed im
2 

quadrats, within which he scooped up sand in a sieve of %" mesh and 

sieved out the Anadara. At one "Lancala Bay" site, very near our 

"Muanivatu" site he used a transect from shallow to deep water. instead 

of random quadrats. 

The method employed at Muanivatu until January 1981 was to search 

an area, usually of 5-10 m radius, by raking the bottom with the 

fingers. In the sandy bottom there, this technique reliably found all 

molluscs, down to about 15 mm in length (we found many smaller ones, but 

they may not have been 100\ detectable) and since each small area 

2 (£2.. 0.1 m ) was thoroughly raked before the collector moved a little 

way, the method gives an unbiased sample for determination of size 

distributions, but only a crude index of density. 

From February 1981 a quadrat (0.5 x 0. 5 m) was haphazardly tossed 

wit.bin an area of about 10-15 m radius and then raked over thoroughly 

with the fingers as above. Thus, this method gave an estimate of 

density. Later in the programme, when density became low, it was 

supplemented with non-random searching where the collector scraped 

haphazardly. and covering more ground than the quadrat method would 

allow. 

Collecting
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on each occasion, . notes were made of weather conditions, tide

state. water temperature (after January 1981) and other observations of 

interest. 

At Lancala Island, collection was done l:1y the Fijian method of

"dabbling" with the feet, supplemented by raking with the fingers. 

2.3 Examination 

samples collected by Chand and King prior to January 1981 had 

been preserved in formalin. subsequent samples were examined soon after 

collection. 

On each shell in the samples up to January 1981, the following 

shell dimensions were measured with vernier calipers (see Fig. 2): 

length antero-posteriorly with the caliper shaft parallel to the 

straight hinge of the shell: width, with the caliper shaft across the 

umbos perpendicular to the hinge: length of the longest rib, which was 

measured from the umbo to the antero-ventral edge. 

The whole animal was then weighed, the soft parts removed, 

drained and weighed, and the shell weighed. · The soft parts were briefly 

examined visually for gonad appearance. 

From February 1981, only length was measured, weighing was 
' 

discontinued, but the appearance of the gonad was noted qualitatively as 

"not visible", "creamy colour•, "pale orange colour" or "orange colour". 

3. RESULTS

3.1-

Four shell dimensions were measured on samples from Muanivatu on 

ten dates. Relationships amongst these were examined to determine 

Laboratory

Morphometrics
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whether there was any allometry of shell-growth important enough to 

affect the use of a single measure of size (say, shell length) for 

population analysis; 

It is common practice (see, e.g., Seed l980) to establish the 

presence of allometry by calculating the linear regression between two 

variables when both are transformed to logarithms. However, it must be 

b 
noted that .this assumes that a model of the form y = Ax holds

throughout life: this need not be so (Gould, 1966), and if the animal' s 

shape changes in some more complex or irregular way, a straight line 

through the untransformed data may prove as good a of the 

data as any other equation. For this reason it is of interest to 

examine such equations, and they are given in Table 1. 

There was no evidence of differences between dates. This was not 

rigorous!� tested (it would have required Model II Analysis of 

covariance), but was tested using Model I ANCOVA for the relationship 

between length and width on all Muanivatu samples taken between 19/2/80 

and 7/1/81 which were of size > 50. The difference between dates was

not significant (P > 0.25). To illustrate the geometry of shell growth,

data for the sample of 13/5/80 (the biggest sample for which all 

variables, including weight, were me�sured) are described here. 

Since both variables were measured with error, a Model II 

regression technique is required (e.g. Clarke, 1980). However, .the

difference would be slight with such highly correlated variables 

(Gould 1966), and the approximation adopted here is to calculate the 

least-squares (Model I) regression of each variable on shell length as 

' 
the- "independent" variable to perform tests of significance on this 

analysis, but to present also the Geometric Mean Regression Coefficient 

(Ricker 1973), ,calculated as b 
/ 

Ir where r is the coefficient of 
y x
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correlation between x and y_ (Clarke 1980; Sokal and Rohlf 1981), and the 

corresponding intercept. 

The untransformed data are plotted in Figs 3a-e using length as 

the independent-variable, and the same data are shown in Figs 4a-e with 

both variables transformed to natural logarithms. The regression 

statistics are given in Table 1. 

The ' equation of simple allometry' (Gould 1966) does describe 

these data well. Table l and Figs 3 and 4 show that shell width is 

positively allometric with length - longer shells are wider, when viewed 

dorsally. Height and length of the longest rib are both approximately 

isometric with length but note that for LLR the y-intercept is 

significantly different from zero in the untransformed data, indicating 

some kind of allometry (Gould 1966). In short, Anadara cornea ·of 

different lengths look about the same shape when viewed laterally. 

Shell weight increases allometrically with length, since the 

coefficient of allometry is significantly greater than 3 possibly 

reflecting allometrically increasing thickness; on the other hand the 

weight of the soft parts is negatively allometric with length (the 

coefficient is less than 3). It appears that a larger�- cornea has 

relatively thicker shell and relatively smaller soft parts. 

The correlation coefficients are all high, there is little 

var,iation in shape between individuals, and so there is no difficulty in 

using length alone for the examination of size-frequency distributions 

below. 



Table 1. Relationships between measurements of shell, dimensions (cm) and weights (g) of l\nadara cornea 
collected at Muanivatu on 13/5/1980. Sample size • 65 

Independent Dependent Intercept Slope Explained Test Test Test Model II GM corresponding 
variable Variable* a b variance of of of i!!terce12t regression figure 

r2 NH NH NH y - b x slope 
a. - 0 .B = 1 .B - 3 r b/r 

Length Width -0.53 0.82 0.96 *** -0.58 0.84 la 
" Height 0.044 0.79 0.97 N.S. 0.01 0.00 lb 
• LLR -0.20 1.02 0.97 ** -0.24 1.03 le 
.. WBTW -3.62 1.92 0.91 *** -3.91 2.01 ld 
• SWT -30.37 12 .55 . 0.90 *'** -32.58 13.23 le 

ln(length) ln(width) -0.68 1.22 0.96 *** -0. 71 1.24 2a 
• ln(height) -0.20 0.98 0.97 NS -0.21 0.99 2b 
• ln(LLR) -0.13 1.07 0.93 NS -0.18 1.11 2c 
• ln(WBTW) -1.65 2.14 0.96 *** -1. 71 2.19 2d 
• ln(SWT) -'2.17 3.56 0.96 *** -2.24 3.62 ' 2e 

LLR • length of longest rib, wBTW • wet weight of soft parts, SWT • shell weight
NS: p > 0.05, *: p < 0.05, **: p < 0. 01, ***: p < 0.001 
(All slopes differed significantly from zero at P < 0.001) 

" . 
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3.2 . size-distributions and recruitment 

Pluanivatu 

Length-frequency distributions for the two year series of samples 
\ 

from Muanivatu are shown in Figure 5, and those from other sites, 

generally at only one date, in Figure 6. 

Pauly and David (1981) have devised a computer program, ELEFAN I, 

for fitting von· Bertalanffy growth curves to length frequency data. As 

an aid
. 

in interpreting the length-frequency. data from the present study, 

the first part of the ELEFAN I program was used • .  This is the part which 

"restructures• the sample by comparing each frequency with the 

corresponding moving average. The details are described by Pauly and 

David (1981); the effect is that each frequency is assigned a number of 

"points• which is positive if the frequency is above its 5-point moving 

average, zero if equal to the moving average. and negative if below. The 

value of this is that it gives as much emphasis to •peaks" with small 

absolute frequencies as to large peaks. For present purposes, the 

frequency-distribution was considered to contain a •peak" where either 

there was a •run• (2 or more) of positive point values Q!. there was one 

positive value of magnitude at least 0.5 point. •peaks" so identified 

are indicated on Figures 5 and 6 by,triangles below the x-axis.

Inspection of Figure 5 shows that it is extremely difficult to 

follow the progression of modes through time and hence to determine 

growth-rates. Even those distributions obtained close-together in time 

and with fairly large sample-sizes (February, April, May and September 

1980) differ greatly in shape. For example if the first three are 

gro�ped into a 7 x 3 contingency table (for large enough cell sizes) and 

tested for homogeneity using a log-likelihood ratio test the result is 

G = 51.72 for 12 d.f.; P <.0.001. The April and Play samples, a month 
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apart and with sample sizes of 108 and 82, are significantly 

heterogeneous (G = 39.73, 6 d.f., P < 0.001). It might be supposed that

this heterogeneity is due to .the smallest animals, which may enter the 

population in pulses and grow rapidly; but the-first three samples are 

heterogeneous even with the animals of length � 25 mm deleted

(G =·32.50, 10 d.f., 0.01 < P < 0.025). · FUrther, in the case of smaller

samples it is clearly intemperate to regard the peaks, which often

:. represent only one or two animals, . as "modes• • 

I did attempt to draw "growth-curves" connecting the "peaks" in 

this series of graphs (when laid out at the correct spacings on a time 

axis). From this exercise it appeared not unlikely that Anadara cornea 

grows from settlement to 20 mm of length in rather less than a year bu
·
t

takes as much as another 4 years to reach 60 mm. Such a "growth curve" 

is plotted in Figure 7 by superimposing a series of lines joing 

conspicuous "peaks" in Figure 5. However, it must be stressed that this 

is not the only curve that is consistent with these data and on no· 

account should the above remarks, or Fig. 7, be taken as a 

"conclusion•. The data are also consistent with very much more rapid 

growth and there is simply no way to draw a confident conclusion about 

growth-rates from these data. 

Collection by people gatherlng cockles for food tends to be

haphazard; they search by feel (with the feet) and are likely to call . 
friends over if they find a good spot. Thus, mortality of .adult. cockles

due to collecti.ng may be spatially patchy, with some large animals

surviving. even at a site which is popular for collection. Although our 

int�ntion was to collect at essentially the same place each time 

(particularly after Jan 1981 when precise landmarks were chosen), 

collections will certainly have been made at different spots on 
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the seafloor. Thus we might sometimes have happened on a spot with good 

numbers of surviving large animals, at other times not. This might 

account for some of the variation in shape of the size-frequency 

distributions·. However, the effect of food gathering might be expected 

to be lighter on small cockles (less than 20 mm long) which are hardly 

worth taking, yet they, too, vary in our samples. Their distribution 

might be spatially patchy, for "natural" reasons, or they might enter 

the population in pulses and grow rapidly. 

we may note on Fig. 5 that groups of small animals, smaller than 

those detected in preceding samples, were found on 19/2/80, 24/9/80, 

24/11/80, 18/12/80, 6/5/81, 2/7/81 and 25/9/81. If it be assumed that 

small cockles do grow rapidly, then it appears likely that settlement of 

larvae to this area occurred a month or two before each of those 

samples. It is certainly not unreasonable to assume such growth rates 

in small animals; fast growth has been observed in the young of several 

species of bivalves in south Australia, where the water is less · 

nutrient-rich, and cooler 
·
than in Laucala Bay. 

Other sites 

The first four histograms in,Fig. 6 show samples collected by B. 

Chand in January 1980 and remeasured by me. Chand (1980) collected at 

about 15 random spots at Lami, about 12 along the shore at Nasese, 5 in 

Laucala Bay near the u.s.P. breakwater, 4 at Kinoya. Thus the

histograms
. 

in Fig. 6 should not reflect local, spatial patchiness to the 

extent that individual samples in Fig. 5 may do. Yet the distributions 

in-Fig. 6 clearly differ; no statistical testing is needed to confirm it. 

Only at Lancala Bay were small animals found in January 1980, 

whilst really large animals occurred at Nasese and Kinoya but not at the 

Lauca1a Bay site which lies between these two. 
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chand's Lancala Bay sites are not far from our Muanivatu site and 

include the "I.M.R." site sampled by M. King and students in July 1981, 

and chand's January 1980 distribution looks as similar to our February 

1980 one, as any of the Muanivatu graphs. The
_

July 1981 "IMR" 

collection, with a large sample size, contains more animals, of both 

large and small sizes. 

It is difficult to draw convincing inferences from these 

distributions, since there are many poss�ble explanations for the 

differences; they include habitat differences, differences in time since 

major recruitments occurred, and differences in pressure of collecting 

for food. It can be concluded, however, that successful recruitment is 

not continuous in time nor homogeneous in space, since Chand's.samples 

(which were obtained by sieving sand samples) do not contain small 

animals. except fr9111 Laucala Bay. 

3.�

Chand's (1980) technique was designed to give an index of 

relative density, but he does not present the data in a form from which 

density can be calculated. 

Nevertheless, the following comments can be made about density. 

Chand notes that smaller Anadara were more abundant near the shore, at 

Laucala Bay, whilst larger animals were more abundant in deeper water. 

He says Anadara were more abundant where there was both sand and mud 

present, but large Anadara were found in muddy areas. Density seemed to 

be low at Kinoya and some sites at Nasese where there were few. large 

animals in a muddy area. A possible explanation for this is that mud 

has been deposted after flooding, allowing some large Anadara to survive 

but preventing recruitment of small ones. Chand found small ones at 



Laucala Bay in a sandy area amongst turtlegrass; 

successfully into mud. I found a similar situation at 

January 1981. Mr Buka Ninokibau took me to an area 

formerly been many Anadara - people were accustomed to collecting them' ., " � .:; ... .. .. there - but much mud had been deposited by the flooding of the Rewa,and .:' 

now only a few.large Anadara could be found. 

The collecting technique used by A.B. King and myself until .

January 1981 was designed to provide a sample, unbiased down to at least 

15 mm length, for a size-distribution; it was not designed to estimate 

density accurately. Nevertheless, an index of density can be obtained 

from notes we kept on the number of square meters of bottom searched, 

and the time spent. Sampling might take up to two hours, unless an 

adequate sample was obtained in less time; in most cases the sample was 

taken from within a circle of radius 5-10 m. 
. 2 

(Area 78.5 - 314 m ) 

Table 2 gives some collector's notes up to January 1981. 

From February 1981, collecting was done by quadrat, and density 

could be calculated (For some samples, numbers were supplemented by 

further seaching by the old method, outside the quadrats. Therefore 

sample sizes in Fig. 5 do not reflect density). Calculated densities 

are shown in Table 3. 

It app.ears that density fell at the MUanivatu site after June 

1981, probably due to heavy collecting. There were commonly women 

collecting there, and by the end of the study period they were ranging 

far along the beach, with apparently limited success, whereas previously 

they would find what they needed by staying within a limited area. 
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Table 2. §Q!!!!!. Collectors' notes, Maunivatu site.

General The Anadara start at about LWS: bottom sandy, with some Zostera 

(turtlegrass) in patches. Crabs, · hermit crabs, moon snails and Murex 

occur. Anadara are usually in the seagrass patches. Large ones are 

usually on their own: if a few together, then they are usually small: 

small animals are usually in a group.

15/4/80 

15/7/80 

28/8/80 

23/10/80 

24/11/80 

18/12/80 

7/1/81 

2 Good collection in 1 m at waters edge, weedy area. 

Very few live but numerous empty shells, all sizes also 

many live moon snails. 

Large bed of small shells, all empty. 

Fairly good collection but no small ones. 

Unable to collect long enough (choppy; tide too high). 

Tide too high, conditions rough - explains small sample. 

Anadara patchily distributed, mostly in seagrass patches. 

2 
Density within a patch, 3-20/m • Must have scraped over

2 
an area about 30-50 m to get this sample of 63 animals, 

Le. density §· l.25-2/m2 • .  Very few little ones. we

find very small bivalves (of other species) moon snails and 

small nassariids, so are unlikely to miss Anadara down at 

least to 1.5 cm length. 



Date 

5/2/81 

6/3/81 

6/4/81 

6/5/81 

6/6/81 

2/7/81 

13/8/81 

25/9/81 

26/2/82 

11/4/82 

14. 

Table 3. Density estimates, Muanivatu. 

No. of quadrats Mean no./quadrat 
± standard deviation 

21 (quadrat area 
0.56 m2)

0.95 ± 1.66 

20 (area 0.25 m2) 0.12 ± 0.33 

25 • 0.56 ± -o. 77 

25 • 0.28 ± 0.68 

20 • 0.35 ± 0.59 

6 • 0 
(19 animals found 

in 1 hr outside 
quadrat) 

25 • 0.04 ± 0.20 
(11 found outside 

quadrat) 

0 (29 animals found 
by old method; 
long search) 

0 (26 animals 
collected over 
30 rn stretch of 
beach) 

0 (38, collected over 
area about 
50 m x 6 m) 

Mean no.fm2 
± S.D. 

1.69 ± 2.96 

0.50 ± 1.34 

2.24 ± 3.08 

1.12 ± 2.72 

1.40 ± 2.36 

low 

0.16 ± 0.80 

low 

low 

low (ca 0.13) 



3.4 Gonad States 

15� 

Gonads in the preserved samples were examined macroscopically, 

but little could be discerned with confidence, and data are not 

presented here. There was not time to underta�e histological examination. 

Gonads were examined macroscopically in the fresh animals from 

the 1 Jan 81 and subsequent samples, and classified as "not visible", 

"creamy" or "orange" in colour. The results are given in Table 4. 

These observations may be useful in conjunction with further 

work to test whether colour of the gonad is a reliable indicator of sex 

or of gonad state. It appears likely that there is gametogenic activity 

throughout the year. 

3.5 of soft 

Although the soft parts were weighed in the samples up to 

January 1981, these data are considered unreliable because of variations 

in water content and state of preservation: they are not presented here. 

3.6 

Unlike some species of bivalve, Anadara cornea was virtually 

free of organisms attached to the shell. A barnacle (?Balanus sp.) was 

found attached to one, June 1980 • 

3.1 
Parasites 

These samples were not treated in such a way as to detect 

parasites. Nevertheless a mass of unidentified worms was found at the 

base of the gills in one specimen, 1/1/81. These were detected partly 

by their movement: although preserved samples were checked for them, 

detection was unreliable and data are not presented here. 



.'16. 

Table 4. Scores for gonad presence and colour in Anadara 
samples from January 1981 to April 1982. 

sample No. with No. with No. with No. with Comments 
Date gonad not "creamy" "pale orange" "orange•

visible gonad gonad gonad 

7/1/81 1 41 2 19 The one "not 
visible" was 
infested with 
parasitic worms 
at base of·gills 

5/2/81 0 5 6 9 

6/3/81 0 18 8 18 

6/4/81 0 9 7 20 

6/5/81 4 12 6 14 The animals 
without visible 
gonad were all 
less than 20 11111 
in length. 

6/6/81 0 14 3 7 

2/7/81 2 6 2 10 The non-visible 
animals were 8 
and 31 mm long. 

13/8/81 2 4 1 4 • • •
• 25 and 31 mm 

long. 

25/9/81 12 2 4 11 • • •
• 3, 14, 8, 8,

10, 10, 12, 21, 
14, 19. 18, 27 mm 
long. 

26/2/82 2 9 0 15 • • •
• 19 and 23 11111 

long • 

11/4/82 3 11 6 18 . • • •
• 33, 27, 24 111111

long. 



3.8 Other Notes
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on a couple of occasions small animals were found attached by 

byssus to a larger one; Leslie Bolton has told A.E. King that she finds 

this reasonably often in Kiribati. 

At Lancala Island, Euka Ninokibau described several ways in which 

Fijians collect Anadara, which may be useful for research. Both 

dabbling with feet and raking with the fingers are employed. Another 

method is to look for the shell gape at the :water. s edge on a rising

tide. Yet another is to walk along where mud is exposed at low water, 

spotting half-covered animals. This probably only detects a fraction of 

the population when density is high; it does not work in an area which 

has been heavily fished. 

At Laucala Island, site (2), we noted many dead shells, 

medium-to-large in size. Euka said these had been killed by the floods 

the previous May, and hence the live ones now present were mostly 

small. If he is then animals grow to a size of 20-40 nun·in 8 

months or less. 

The Annual Reports of the Ministry of Agriculture and Fisheries, 

Fiji, for 1978 and 1979 were examined for market statistics, but Anadara 

(Kai-koso) is not separately identified in either report. 

4. DISCUSSION

4.1 

The relationships amongst different shell
.

dimensions were

examined mainly to confirm the acceptability of using one measure 

(length) for population studies. It was found that shell width is 

positively allometric with length - larger shells are relatively wider -
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and that shell weight increases allometrically with length - larger 

shells are relatively heavier (presumably thicker). Correspondingly, 

the weight of soft parts was negatively allometric with length. The 

shape of a shell when viewed laterally, however: was approximately. 

constant. There was little variation between individuals or between 

"times (as might have occurred, for example, had different samples

,
represented recrui trnents from genetically different stocks). . Thus, it 

·was accepted that shell length could be taken as a measure.of size for

population studies.

It should be noted, however, that although Anadara in 

Australian typically grows to a �aximum length of about 60 mm 

(MacPherson and Gabriel, 1962) and Broom (1982a) found even smaller Loo 

values for a. in Malaysia, Cernohorsky (1972) records

a. as reaching 90 mm. _It is possible, then, that none of the

animals in our samples were more than 
2

/3 their maximum length 

(continuous collection by people throughout the Suva area couid account 

for this), and the morphometric data should be viewed with appropriate 

caution. 

4.2 distributions and Recruitment 

An attempt is made to interpret the size-frequency distributions 

under Results, above. It should be stressed again that the 

"growth-curve" in Figure 7 is not the only one that can be produced from 

the data in Figure 5. 

The general, qualitative interpretation.of Figures 5 and 6 which 

seems most plausible is that a. cornea is (like many tropical species)

recruiting more than once during a year - probably at many times, but 

discontinuously and at fluctuating d�nsities. It appears to grow rather 

____ trapezia 

granosa 

antiquata 

size-frequency 
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rapidly initially, so that, probably within a year, animals from 

different recruitments have merged in size: different age-groups no 

longer appear as distinct size-groups. Animals in this "clumped" group 

range from about 20 mm to about 70 mm in_ length; ·it is not possible to 

tell with confidence how many age-classes are present in that group 

which is clearly subject to a continuous mortality from human 

collection. since C:ernohorsky (1972) records the maximum size of 

as 90 mm it is plausible that�. cornea in the Suva area 

can reach such a size but usually do not because of the high probability 

of "fishing mortality". 

Even though tropical species are of ten known to be less 

"seasonal" then temperate ones - tropical ones may recruit repeatedly, 

or almost continuously, through the year, causing age-groups to overlap 

in size - the method of examining model· progressions in 

size-distributions was worth a try. Formation of modes, whose 

progression could be followed, might have resulted from repeated but 

distinct bursts of spawning, or from continuous spawning folloWed by 
• 

variable recruitment success. However, the method is not a success in 

this· case. To obtain reliable information about recruitment it will be 

necessary to use some kind of trap to catch newly settled larvae, whilst 

to obtain reliable growth-rates will require tagged animals measured 

repeatedly. This would also aid in studying mortality, especially if 

subsets of the marked animals could be protected from "fishing• by using 

cages, or an area closed to collection. 

Yoloye (1974) noted that spat of Anadara senilis in Lagos, West 

Africa, reached 5-9 nun in 1 month, 10-17 nun at 3-5 months old and 20 nun 

at 6 months. The animals in Yoloye's study were recruited in about 

October: Lagos is just north of the equator. Narasimham (1980) records • 
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spawning of a. over the major part of the year

India, with peaks of spawning in January-April and heavy settlement'.,

February-May. seed "clams" beginning at average lengths of 23-24 mm· ·

grew at rates o f  �- 3 mm/month when kept at between 100 and 200/m
2 

over periods of 5-6 months when they were harvested for marketing. 

These growth-rates are faster than those tentatively inferred here. On 

the other hand, some of the growth rates found by Broom (1982a) . for

.a. in Malaysia are comparable to those suggested in Fig. 7 (but

with a smaller maximum size). Br0om's thorough study should be 

consulted for more details. 

4.3 

The techniques used were not designed to measure the size of a 

"stock" of Anadara nor to measure their local density accurately. 

However, our data do indicate a drop in density after June 1981 at the 

Muanivatu site, and that is consistent with the notes above on the low 

maximum size: both suggest heavy fishing pressure. Women could be seen 

collecting Anadara almost any day at this site. 

4.4 Gonad States 

It can merely be noted that animals above about 20 mm in length 

had.visible gonads at all times. 

If future histological work shows that the colour of the gonad is 

a reliable indication of its sex and/or stage of development, then our 

data 1n Table 4 may be interpreted further. (External appearance of the 

gonad can be reliable in some bivalves, but is not so 1n all: a -
histological study is therefore needed 1n each case). 
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The.observations in Table 4 do seem in accord with the conclusion 

above that recruitment occurs repeatedly through the year. 

4.5 Final comments and Recommendations 

The ecology of Anadara spp. is poorly understood. It is not 

known, for instance, why Anadara is (apparently) extinct in the 

Gulfs of South· Australia, where sub-fossil shells are. abundant; yet it 

-is extant (MacPherson and Gabriel, 1962) in the cooler waters of

Victoria and also in.New south Wales. 

The picture that emerges from the present, exploratory study of 

�· cornea is of a species which recruits into sand/seagrass areas though

it can live in mud when older; it lives in areas where the sediment is 

dynamic (due to floods, etc); it is under heavy "fishing"
.
pressure; it 

take some years to reach large size.

These characteristics together mean that local extinctions are 

likely, and if so the species will depend on being able to recruit 

sufficiently heavily at some times, to patches which are ·suitable at the 

time and, having recruited there, to persist for long enough to 

contribute to further, successful recruitments. 

A species like this - characterized by what Chesson (in press) . I 

calls the "storage effect" - may be dependent on its relatively low 

adult mortality, and therefore particularly vulnerable to overfishing.

The picture I have drawn may be quite wrong. I recommend that 

further studies be designed to test it. Three straightforward 

procedures are suggested. 

1. Large numbers of animals be tagged at a small size and

measured repeatedly to estimate growth rates. (Plastic

.tags could be attached to the shells with epoxy putty. )
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2. several kinds of "larval traps" be tried, in an effort to

estimate recruitment. Onion bags, as used by scallop

biologists, may be effective: so may trays of mud, with

mesh sides for protection from predato�s on the very young:

or simply fences set into the sand within seagrass beds for

the same purpose. The attempt to find effective larval

traps might not only provide a research tool, but also open

up the possibility of cultivation of kai-koso (cf.

Narasimham, 1980, Broom, 1982a, and see section 7).

3. survival of marked adults be monitored a) at "fished" sites

�uch as Muanivatu, b) at those "fished" sites but inside

protective fences, c) at sites where fishing pressure is

lower either because the area is inaccessible or because

people have been banned for the period of the study, the

purpose being to estimate "natural" and "fishing" mortality.

If such studies did show that the ecology of
° 

Anadara is of the 

kind where recruitment is variable (or patches remain suitable for only 

limited and variable time periods) and where adult life in suitable 

patches is long, then fishing should be carefully regulated and some 

patches should be protected from ov�rfishing: the location of protected 

patches might have to be moved as the sediments .shifted with floods or 

storms. But such proposals should not be considered until the ecology 

of the animals, particularly their recruitment rates, growth rates and 

mortality rates, is better understood. 

An alternative to the management of the fishery for essentially 

•wnd" populations would be to investigate cultivation. Techniques

might range from a) merely "seeding" an area of natural seafloor (if 

spat can be effectively collected) and protecting it from fishing until • 
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the animals have grown to marketable size, to b) using suitable trays to 

facilitate protection of the growing animals and later collection and 

marketing. An important caveat is that, if Fig. 7 is correct, growths 

to marketable size could take some years. It is therefore essential 

that further studies, as outlined above, be done before any decision is 

made to attempt aquaculture. The effect of predators was not 

investigated in this study but should be considered, especially if 

high-density culture is contemplated. Predators do occur in Fiji (e.g. 

�· Naticids) and have important effects elsewhere (Broom l982b,

Vermeij 1980) • 
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of longest rib (LLR) 
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